Abstract -In this paper, it is shown how to derive the optimal secret sharing scheme (SSS) for a given access structure in the multiple assignment schemes.
V
be the family of all subsets of V . We represent the family of qualified sets and the family of forbidden sets by A1 and A0, respectively 1 , such that any set in A1 can decrypt a secret information S and any set in A0 cannot gain any information of S. Γ = {A1, A0} is called an access structure. For instance, the access structure of a (k, n)-threshold SSS can be represented as A1 = {A ∈ 2 V : k ≤ |A| ≤ n} and
hold that A1 ∩ A0 = ∅. If it also holds that A1 ∪ A0 = 2 V , the access structure is called complete. Note that any access structure must satisfy the monotonicity such that A ∈ A1 holds for any A ⊇ A if A ∈ A1, and A ∈ A0 holds for any A ⊆ A if A ∈ A0. Therefore, we can define the family of minimal qualified sets and the family of maximal forbidden sets as A Now, we describe how to realize the optimal SSS for a given secret S and a general access structure Γ = {A1, A0} in the multiple assignment schemes [1] . Let W (t,m) = {W 
To distinguish W We now propose how to design the optimal multiple assignment map in the sense of average or worst coding rates. For a multiple assignment map ϕΓ : {1, 2, . . . , n} → 2 W (t,m) , a set A ⊆ V , and k ∈ {1, 2, . . . , N}, define an N -dimensional row 1 For sets A and B, we denote a difference set and by A − B, and the cardinality of A is represented by |A|. (A)1, a(A)2, . . . , a(A)N ] 
where N = 2 n − 1 and [k] , hN ] . Then, for an N -dimensional column vector x, we can formulate the integer programming problem IPρ(Γ) to minimize the average coding rateρ under the constraints (1) and (2) as follows:
x ≥ 0 Similarly, the integer programming problem to minimize the worst coding rate ρ * can be formulated as follows:
It is shown in [1] that, for any access structure Γ with the monotonicity, we can always construct a so-called cumulative map which satisfies (1)-(3) with t = m. Therefore, the above integer programming problems always have at least one feasible solution, and hence, there exists the optimal solution for each integer programming problem.
The optimal multiple assignment mapφΓ that attains the minimum average coding rate can be constructed as follows. First, letx = [x1,x2, . . . ,xN ] andt be the minimizers of the integer programming problem IPρ(Γ). Then, lettingm be N k=1x k , we use a t ,m -threshold SSS with primitive shares X k . The optimal multiple assignment map for the worst coding rates ϕ * Γ can also be constructed in the same way asφΓ.
The details of the above construction based on integer programming and their extensions to ramp SSSs and/or SSSs with incomplete access structures are shown in [2] .
